In order to elucidate the mechanism of mass transport on glass surface, the amplitude decay was measured of multiple parallel surface scratches on lead silicate and borosilicate glasses in dry N2 at 547.56107 and 694.6714.8, respectively. The surface profile, which was close to square wave initialy, developed into a sinusoid by pre-annealing, and further annealing resulted in exponential decay of the amplitude of the sinusoidal wave with time.
Introduction
When a solid with a sinusoidal surface pro file as shown in Fig. 1 is annealed at high temperatures, the mass transport takes place from the hills into the valleys in order to reduce the total surface area.
This kind of capillarity-induced smoothing of solid surfaces was analyzed mathematically by Mullins 1) . The original multiple parallel scratches, when annealed, develop into a simple sinusoidal profile because the wave components of the profile with shorter wave lengths decay more quickly than the one with the largest wave length.
Once the simple sinusoidal profile with the largest wave length is established, its amplitude At decays exponentially with time:
A=Aexp(Kt) (1) where K is the decay rate constant.
There fore K can be determined from the slope of logAt/A against t.
According to the ana lysis by Mullins 1) , the decay rate constant K is generally expressed as n-1 where is the wave length of the profile and the term =1 stands for the contribution from viscous flow, n=2 from vaporization-condensa tion, n=3 from volume diffusion and/or gas phase diffusion and n=4 from surface diffu sion.
The parameters a1 to a4 are related 3. Result and discussion The as-etched surface profile, which had a shape close to square wave, gradually changed into a sinusoidal wave during the annealing process.
The time t=0 was chosen arbi trarily after the sinusoidal profile had been obtained.
The plot of logAt/A0 against t is given in Fig. 3 .
It is evident from the figure that the exponential decay rule is follo wed.
From the slope of the plot, the decay rate constant K was obtained in accordance with Eq. (2). 4. Conclusion Using the SPD method, the glass flow pro cess induced by the capillary force was studied on the surface of lead silicate glass.
It was found that the flow process was controlled by the viscous flow and the viscosity in the sur face region was a few times higher than that in the bulk. The high viscosity is probably due to the compositional changes occurring near the surface of the glass when heated inn a dry atmosphere. A similar argument could be made about borosilicate glass.
